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1
DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. §119 to
Korean Patent Application No. 10-2014-0026683, filed on
Mar. 6, 2014, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND

1. Field

Inventive concepts of the present disclosure relate to
display apparatuses and, more particularly, to display appa-
ratuses with improved color impression.

2. Discussion of the Background

Red (R), green (G), and blue (B) data have been used to
display an image. Additionally, an RGB pixel structure has
been used to display images.

However, image data including various colors as the
principal colors has been outputted through corresponding
pixel structures to display an image, to improve the display
quality of a screen. In this case, since the principal colors are
different from each other in each step, the apparent bright-
ness of shown colors may be distorted. In particular, if a
color is shown by converting a color structure of RGB image
data into a structure including RGB pixels and a white pixel,
an apparent brightness of an image may be increased or
reduced, according to a shown color. Particularly, if the
brightness of a white image rapidly increases when a yellow
image is shown on the white image through the RGBW pixel
structure, the brightness of the yellow image may appear to
be relatively reduced.

SUMMARY

Exemplary embodiments of the inventive concepts may
provide a display apparatus capable of increasing a bright-
ness ratio of a maximum yellow to a maximum white.

Exemplary embodiments of the inventive concepts may
also provide a display apparatus capable of preventing any
one of red, green, and blue colors from being improperly
displayed.

Additional features of the invention will be set forth in the
description which follows, and in part will be apparent from
the description, or may be learned by practice of the inven-
tion.

According to exemplary embodiments of the inventive
concepts, a display apparatus includes a first substrate and a
color filter formed on the substrate. The color filter may
include a red color filter, a green color filter, a blue color
filter, and a yellow color filter, and the yellow color filter
may include a sub-red color filter and a sub-green color
filter.

The display apparatus may further include a second
substrate opposite to the first substrate; and a pixel disposed
between the first substrate and the second substrate.

The color filter may be disposed between the first sub-
strate and the pixel or between the second substrate and the
pixel. The color filter further may further include a white
color filter.

The color filter may include a unit color filter including
the red color filter, the blue color filter, the green color filter,
the white color filter, and the yellow color filter, and the unit
color filter may be repeatedly arranged.
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A sum of the areas of the red color filter and the sub-red
color filter may be equal to a sum of the areas of the green
color filter and the sub-green color filter. Additionally, the
sum of the areas of the red color filter and the sub-red color
filter may also be equal to the area of the blue color filter.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention, and together with the
description serve to explain the principles of the invention.

FIG. 1 is a perspective view showing a display apparatus
according to exemplary embodiments of the present inven-
tive concepts.

FIG. 2 is a cross-sectional view taken along a line I-I' of
FIG. 1, showing one pixel.

FIG. 3 is a plan view showing a color filter and a portion
adjacent to the color filter in a display apparatus according
to exemplary embodiments of the inventive concepts.

FIG. 4 is a plan view showing a color filter and a portion
adjacent to the color filter in a display apparatus of a
comparison example.

FIG. 5 is a plan view showing a color filter and a portion
adjacent to the color filter in a display apparatus according
to other exemplary embodiments of the present inventive
concepts.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

The inventive concepts will now be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the inventive concepts are
shown. The advantages and features of the inventive con-
cepts and methods of achieving them will be apparent from
the following exemplary embodiments that will be described
in more detail with reference to the accompanying drawings.
It should be noted, however, that the inventive concepts are
not limited to the following exemplary embodiments, and
may be implemented in various forms. Accordingly, the
exemplary embodiments are provided only to disclose the
inventive concepts and let those skilled in the art know the
category of the inventive concepts. In the drawings, embodi-
ments of the inventive concepts are not limited to the
specific examples provided herein and are exaggerated for
clarity.

It will be understood that when an element or layer is
referred to as being “on” or “connected to” another element
or layer, it can be directly on or directly connected to the
other element or layer, or intervening elements or layers may
be present. In contrast, when an element is referred to as
being “directly on” or “directly connected to” another ele-
ment or layer, there are no intervening elements or layers
present. It will be understood that for the purposes of this
disclosure, “at least one of X, Y, and Z” can be construed as
X only, Y only, Z only, or any combination of two or more
items X, Y, and Z (e.g., XYZ, XYY, YZ, 77).

FIG. 1 is a perspective view showing a display apparatus
1000 according to exemplary embodiments of the present
inventive concepts, and FIG. 2 is a cross-sectional view
taken along a line I-I' of FIG. 1 showing one pixel. Referring
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to FIGS. 1 and 2, the display apparatus 1000 includes a first
substrate 100, a second substrate 200, a pixel PX, and a color
filter CF.

The display apparatus 1000 may be one of an organic light
emitting display apparatus, a liquid crystal display appara-
tus, a plasma display apparatus, an electrophoretic display
apparatus, and electro-wetting display apparatus. If the
display apparatus 1000 is the organic light emitting display
apparatus, an image display layer (e.g., an organic light
emitting layer) disposed between an anode electrode and a
cathode electrode may emit white light. The white light may
be transmitted through a color filter, so as to be converted
into light having a specific color. Hereinafter, the display
apparatus 1000 will be described in terms of a liquid crystal
apparatus, as an example.

The first substrate 100 and the second substrate 200 may
be disposed to face each other. The first and second sub-
strates 100 and 200 may be transparent insulating substrates.

The display apparatus 1000 may include a display area
DA and a non-display area NA surrounding the display area
DA. An image may be displayed through the display area
DA, but is not displayed in the non-display area NA.

The display apparatus 1000 may include a plurality of the
pixels PX in the display area DA. The pixels PX may be
arranged a matrix between the first substrate 100 and the
second substrate 200. Each pixel PX includes a thin film
transistor TR, a pixel electrode PE, a common electrode CE,
and an image display layer (e.g., a liquid crystal layer L.C).

FIG. 2 shows one thin film transistor TR. However, in
other exemplary embodiments, one pixel PX may include a
plurality of thin film transistors. The thin film transistor TR
may include a gate electrode GE, a semiconductor pattern
SM, a source electrode SE, and a drain electrode DE.

The gate electrode GE is disposed on the first substrate
100. A gate insulating layer GI may be disposed on the gate
electrode GE. The gate insulating layer GI may be formed of
an inorganic insulating layer or an organic insulating layer.
The gate insulating layer GI electrically insulates the gate
electrode GE from the semiconductor pattern SM, the source
electrode SE, and the drain electrode DE.

The semiconductor pattern SM is disposed on the gate
insulating layer GI to overlap with the gate electrode GE.
The semiconductor pattern SM may be formed of one of
amorphous silicon, poly-silicon, and an oxide semiconduc-
tor. A portion of the semiconductor pattern SM is used as a
channel region of the thin film transistor TR.

The source electrode SE is connected to one end of the
semiconductor pattern SM, and the drain electrode DE is
connected to another end of the semiconductor pattern SM.

The source electrode SE and the drain electrode DE may
be spaced apart from each other.

A passivation layer PAS may be formed on the source
electrode SE and the drain electrode DE. The passivation
layer PAS may have a planarized top surface and may be
formed of a single-insulating layer or a plurality of insulat-
ing layers. The passivation layer PAS may be formed of at
least one of an inorganic insulating layer and an organic
insulating layer. The passivation layer PAS has a contact
hole CH exposing a portion of the drain electrode DE.

The thin film transistor TR outputs a signal received in the
source electrode SE to the drain electrode DE, in response
to a gate signal applied to the gate electrode GE. The pixel
electrode PE is disposed on the passivation layer PAS and is
connected to the drain electrode DE through the contact hole
CH. The common electrode CE is formed on the second
substrate 200 and faces the pixel electrode PE.
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The liquid crystal layer LC (i.e., the image display layer)
may be disposed between the pixel electrode PE and the
common electrode CE. The liquid crystal layer L.C includes
liquid crystal molecules.

A data voltage may be applied to the pixel electrode PE
through the thin film transistor TR, and a common voltage
may be applied to the common electrode CE. The orientation
of the liquid crystal molecules of the liquid crystal layer LC
may be changed by an electric filed generated between the
pixel electrode PE and the common electrode CE, in order
to control light transmittance there through.

The color filter CF may be disposed between the first
substrate 100 and the pixel PX, or between the second
substrate 200 and the pixel PX. In detail, the color filter CF
may be disposed between the gate electrode GE and the first
substrate 100, or between the common electrode CE and the
second substrate 200. Hereinafter, an example where the
color filter CF is disposed between the common electrode
CE and the second substrate 200 will be described.

The color filter CF may be formed to correspond to the
pixel PX and may provide a color to light passing through
the pixel PX. The color filter CF will be described in more
detail later.

The display apparatus 1000 may further include a black
matrix BM. The black matrix BM may be formed between
adjacent color filters CF, to prevent different colors of the
adjacent color filters CF from being mixed. In addition, the
black matrix BM may be formed to overlap with the thin
film transistor TR, a gate line (not shown) connected to the
gate electrode GE, and a data line (not shown) connected to
the source electrode SE, to prevent the thin film transistor
TR, the gate line (not shown), and the data line (not shown)
from being externally visible.

FIG. 3 is a plan view showing a color filter and a portion
adjacent to the color filter, of a display apparatus according
to exemplary embodiments of the inventive concepts. For
the purpose of convenience in explanation, the following
description assumes that one color filter has substantially the
same planar area as one pixel.

Referring to FIG. 3, a unit color filter UCF may include
a plurality of the color filters. A plurality of the unit color
filters UCF may be repeatedly arranged. The color filters in
the unit color filter UCF may be arranged in a 2x4 matrix.
The unit color filter UCF may include a red color filter R, a
blue color filter B, a green color filter G, a white color filter
W, and yellow color filter Y.

As illustrated in FIG. 3, the black matrix BM may be
disposed between the color filters R, B, G, W, and Y.
However, the black matrix BM may be in other configura-
tions or may be omitted, according to some exemplary
embodiments.

The yellow color filter Y may include a sub-red color filter
SR and a sub-green color filter SG. In other words, the
yellow color filter Y is not formed of an additional material
having a yellow color. The sub-red color filter SR of the
yellow color filter Y may be formed during a process of
forming the red color filter R, and the sub-green color filter
SG of the yellow color filter Y may be formed during a
process of forming the green color filter G. In FIG. 3, the
black matrix BM is also disposed between the sub-red color
filter SR and the sub-green color filter SG. However, in other
exemplary embodiments, the black matrix BM may not be
disposed between the sub-red color filter SR and the sub-
green color filter SG.

The sub-red color filter SR and the sub-green color filter
SG are arranged along a column direction DR1 in FIG. 3.
However, in other exemplary embodiments, the sub-red
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color filter SR and the sub-green color filter SG may be
arranged along a row direction DR2.

The red color filter R may include a first red color filter R1
and a second red color filter R2. The blue color filter B may
include a first blue color filter B1 and a second blue color
filter B2. The green color filter G may include a first green
color filter G1 and a second green color filter G2.

The color filters constituting a first row of the unit color
filter UCF may include the first red color filter R1, the first
blue color filter B1, the first green color filter G1, and the
white color filter W, which are arranged in the stated order.
The color filters constituting a second row of the unit color
filter UCF may include the second green color filter G2, the
yellow color filter Y, the second red color filter R2, and the
second blue color filter B2, which are arranged in the stated
order.

However, the inventive concepts include other arrange-
ments of the color filters of the unit color filter UCF. For
example, in other exemplary embodiments, all the color
filters of the first row may switch places with all the color
filters of the second row. In addition, the yellow color filter
Y and the white color filter W may switch places with each
other.

A first column of the unit color filter UCF includes the
first red color filter R1 and the second green color filter G2.
A second column of the unit color filter UCF includes the
first blue color filter B1 and the yellow color filter Y. A third
column of the unit color filter UCF includes the first green
color filter G1 and the second red color filter R2. A fourth
column of the unit color filter UCF includes the white color
filter W and the second blue color filter B2.

However, the color filters of the first column and the color
filters of the second column may switch places with the color
filters of the third column and the color filters of the fourth
column. In addition, the color filters of the first column may
switch places with the color filters of the second column, and
the color filters of the third column may switch places with
the color filters of the fourth column.

Herein, an “area” of a color filter refers to a surface area
covered by a color filter. A sum of the areas of the red color
filter R and the sub-red color filter SR may be equal to a sum
of the areas of the green color filter G and the sub-green
color filter SG. In addition, the sum of the areas of the red
color filter R and the sub-red color filter SR may be equal to
the area of the blue color filter B. Thus, the sum of the areas
of the green color filter G and the sub-green color filter SG
may also be equal to the area of the blue color filter B.

In detail, a sum of the areas of the first red color filter R1,
the second red color filter R2, and the sub-red color filter SG
may be equal to a sum of the areas of the first green color
filter G1, the second green color filter G2, and the sub-green
color filter SG, and may be equal to a sum of the areas of the
first blue color filter B1 and the second blue color filter B2.
The color filters of the first row and the color filters of the
second row may have the same height (length) H1 in the
column direction DR1.

The color filters of the first column may have the same
width in the row direction DR2. Likewise, the color filters of
the second column may have the same width in the row
direction DR2. The color filters of the third column may
have the same width in the row direction DR2. The color
filters of the fourth column may have the same width in the
row direction DR2. In more detail, the width of the first red
color filter R1 may be equal to the width of the second green
color filter G2, and the width of the first blue color filter B1
may be equal to the width of the yellow color filter Y. The
width of the first green color filter G1 may be equal to the
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width of the second red color filter R2, and the width of the
white color filter W may be equal to the width of the second
blue color filter B2.

The color filters of the first column may have a first width
D1, and the color filters of the second column may have a
second width D2 greater than the first width D1. The color
filters of the third column may have the first width D1, and
the color filters of the fourth column may have the second
width D2.

The area of the sub-red color filter SR may be equal to the
area of the sub-green color filter SG. In more detail, the
sub-red color filter SR and the sub-green color filter SG may
have the same height H2 in the column direction DR1 and
the second width D2 in the row direction DR2.

Since the yellow color filter Y adds color filters having the
red color and the green color are added to the unit color filter
UCEF, the blue color filter B can be formed to have the second
width D2 that is greater than the first width D1 of the red and
green color filters R and G. As a result, the areas of the red,
green, and blue color filters may be equal to each other in the
unit color filter UCF. Since the areas occupied by the red,
green, and blue color filters are equal to each other, even
though the yellow color filter Y is added, it is possible to
prevent the quality of any one of the red, green, and blue
colors from being reduced.

FIG. 4 is a plan view showing a color filter and a portion
adjacent to the color filter in a display apparatus of a
comparison example. Referring to FIG. 4, eight color filters
arranged in a 2x4 matrix form are repeatedly arranged in a
comparison example. The color filters of the comparison
example included two red color filters, two green color
filters, two blue color filters, and two white color filters. The
color filters of the comparison example have the same height
H1 in a column direction DR1 and the same width D in a row
direction DR2.

Since the number of the white color filters is equal to the
number of the red color filters, the number of the green color
filters, and the number of the blue color filters, color
impression of a yellow image may be degraded, when the
yellow image is displayed on a white background of a
display apparatus. In the comparison example, a brightness
ratio of the maximum yellow to the maximum white (Y/W)
was 37.6%, in consideration of light loss occurring in the
display apparatus.

On the other hand, in the display apparatus 1000 of FIGS.
1 to 3, a brightness ratio of the maximum yellow to the
maximum white (Y/W) was 56.6%, in consideration of light
loss occurring in the display apparatus 1000. In other words,
the brightness ratio of the display apparatus 1000 according
to the inventive concepts was about 1.5 times greater than
that of the display device of the comparison example.

Even though the structure of FIG. 3 is simply compared
with the structure of FIG. 4, a ratio of the areas of the red and
green color filters to an entire area of the unit color filter
UCF in the structure of FIG. 3 is greater than that of the
structure of FIG. 4. Thus, the brightness ratio of the maxi-
mum yellow to the maximum white of the structure of FIG.
3 is greater than that of the structure of FIG. 4.

FIG. 5 is a plan view showing a color filter and a portion
adjacent to the color filter in a display apparatus according
to other embodiments of the inventive concepts. For the
purpose of convenience in explanation, the following
description assumes that one color filter has substantially the
same planar area as a corresponding pixel

Referring to FIG. 5, a unit color filter UCF1 may include
a plurality of the color filters. A plurality of the unit color
filters UCF may be repeatedly arranged. The unit color filter
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UCF1 of FIG. 5 may be substantially similar to the unit color
filter UCF of FIG. 3, except for differences in the widths of
the color filters of the unit color filter UCF1 of FIG. 5.
Hereinafter, differences between the unit color filter UCF1
of FIG. 5 and the unit color filter UCF of FIG. 3 will be
mainly described. The same descriptions as described with
reference to FIG. 3 will be omitted or mentioned briefly for
the purpose of ease and convenience in explanation.

A sum of the areas of the red color filter R and the sub-red
color filter SR may be equal to a sum of the areas of the
green color filter G and the sub-green color filter SG. Also,
the sum of the areas of the red color filter R and the sub-red
color filter SR may be equal to the area of the blue color filter
B. Thus, the sum of the areas of the green color filter G and
the sub-green color filter SG may also be equal to the area
of the blue color filter B.

The color filters of the first column may have a first width
D1, and the color filters of the second column may have a
second width D2 greater than the first width D1. The color
filters of the third column may have a third width D3 that is
greater than the first width D1 and is smaller than the second
width D2. The color filters of the fourth column may have
the third width D3.

Even though the widths of the color filters are determined
as illustrated in FIG. 5, the areas of the red, green, and blue
color filters may be equal to each other in the unit color filter
UCF1. Thus, it is possible to prevent the quality of any one
of the red, green, and blue colors from being reduced.

The display apparatus according to the inventive concepts
includes the yellow color filter having the sub-red color filter
and the sub-green color filter to increase the brightness ratio
of the maximum yellow to the maximum white of the
display apparatus.

In addition, even though the yellow color filter is added
into the display apparatus, the areas of the red, green, and
blue color filters are equal to each other. Thus, the quality of
any one of the red, green, and blue colors is not reduced.

It will be apparent to those skilled in the art that various
modifications and variation can be made in the present
invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:

1. A display apparatus comprising:

a first substrate; and

a unit color filter disposed on the first substrate, the unit
color filter comprising first and second red color filters,
first and second green color filters, first and second blue
color filters, and a yellow color filter,

wherein:

the yellow color filter comprises a sub-red color filter and
a sub-green color filter;

a total number of the first green color filter, the second
green color filter, and the sub-green color filter is
greater than a total number of the first blue color filter
and the second blue color filter;

a total number of the first red color filter, the second red
color filter, and the sub-red color filter is greater than
the total number of the first blue color filter and the
second blue color filter;

a sum of the areas of the first and second red color filters
and the sub-red color filter is equal to a sum of areas of
the first and second green color filters and the sub-green
color filter; and
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the sum of the areas of the first and second red color filters
and the sub-red color filter is equal to a sum of the areas
of the first and second-blue color filters.

2. The display apparatus of claim 1, further comprising:

a second substrate facing the first substrate; and

a pixel disposed between the first substrate and the second
substrate,

wherein the unit color filter is disposed between the first
substrate and the pixel, or between the second substrate
and the pixel.

3. The display apparatus of claim 2, wherein the pixel

comprises:

a thin film transistor disposed on the first substrate;

a pixel electrode disposed on the first substrate and
connected to the thin film transistor;

a common electrode disposed on the second substrate and
opposite to the pixel electrode; and

an image display layer disposed between the pixel elec-
trode and the common electrode.

4. The display apparatus of claim 1, wherein the unit color

filter further comprises a white color filter.

5. The display apparatus of claim 4, further comprising a
plurality of the unit color filters disposed on the first sub-
strate.

6. The display apparatus of claim 1, wherein:

the color filters in the unit color filter are arranged in a 2x4
matrix of columns and rows;

a first row of the unit color filter comprises the first red
color filter, the first blue color filter, the first green color
filter, and the white color filter that are arranged in the
stated order; and

a second row of the unit color filter comprises the second
green color filter, the yellow color filter, the second red
color filter, and the second blue color filter that are
arranged in the stated order.

7. The display apparatus of claim 6, wherein the heights
in a column direction of the color filters of the first row are
equal to the heights in the column direction of the color
filters of the second row.

8. The display apparatus of claim 6, wherein:

the widths of the color filters of a first column in the unit
color filter are equal to each other;

the widths of the color filters of a second column in the
unit color filter are equal to each other;

the widths of the color filters of a third column in the unit
color filter are equal to each other; and

the widths of the color filters of a fourth column in the unit
color filter are equal to each other.

9. The display apparatus of claim 8, wherein:

the color filters of the first column each have a first width;
and

the color filters of the second column each have a second
width that is greater than the first width.

10. The display apparatus of claim 9, wherein:

the color filters of the third column have the first width;
and

the color filters of the fourth column have the second
width.

11. The display apparatus of claim 9, wherein the color
filters of the third column and the color filters of the fourth
column have a third width that is greater than the first width
and is smaller than the second width.

12. The display apparatus of claim 1, wherein the area of
the sub-red color filter is equal to the area of the sub-green
color filter.



